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Sometimes you want to go  
Where everybody knows your name,  
and they're always glad you came.  
You wanna be where you can see,  
our troubles are all the same  
You wanna be where everybody knows  
Your name. 




Participar em atividades físicas e esportes é geralmente uma experiência social 
moldada por interações entre pares. O presente estudo examinou como a estrutura dessas 
interações em uma grande academia de esportes se associava à identificação social e 
influenciava a adesão às atividades físicas realizadas neste contexto. Para analisar essas 
interações, o estudo investigou as interações sociais em uma academia de Jiu-Jitsu Brasileiro, 
utilizando a análise de redes sociais. As conexões e as características dos membros presentes 
no núcleo e na periferia da rede forneceram informações relevantes sobre como a posição dos 
participantes influencia sua identificação social e sua centralidade. Nossa primeira hipótese 
previa que os participantes mais próximos do núcleo apresentariam maiores valores de 
identidade social, mas que essa relação seria mais forte para os participantes mais iniciantes, 
em comparação com os mais avançados. Nossa segunda hipótese foi que a posição dentro da 
rede (ou seja, a centralidade do indivíduo) estaria positivamente associada à sua identificação 
social e regulação comportamental, e que influenciaria prospectivamente a adesão, ou a 
continuidade do engajamento, em uma segunda coleta de dados sete meses mais tarde. A rede 
social consistiu de 185 praticantes de Jiu-Jitsu Brasileiro, que responderam a um questionário 
gerador de nomes (para construir a rede social) juntamente com itens relacionados à 
identificação social e motivação esportiva. Os registros da academia foram acessados para 
verificação de presença nos dois momentos da pesquisa. Os resultados apontaram uma rede de 
estrutura núcleo-periferia, com um núcleo altamente agrupado e bem definido. Descobrimos 
que a identidade social e a cor da faixa (graduação que define proficiência) foram capazes de 
influenciar a centralidade e que a centralidade estava mais intimamente associada à identidade 
social para iniciantes, embora a identidade social se mostrasse maior entre os participantes 
mais proficientes. Análises de regressão indicaram que os membros mais centrais da rede 
social relataram percepções mais fortes de uma dimensão de identidade social (ou seja, 
vínculos de grupo) e eram mais propensos a continuarem envolvidos nas atividades 
esportivas. Essas conclusões demonstram como a centralidade em uma grande rede de pares 
pode se relacionar com o engajamento e o comportamento dos membros junto ao grupo. Uma 
implicação chave dos resultados foi a necessidade de fortalecer a integração entre os atletas e 
praticantes neste tipo de ambiente, no sentido de promover a adesão e a motivação. 
 





There is growing support for the claim that exercise and sports participation is commonly a 
social experience that is shaped by peer interactions. The current study examined how the 
structure of peer interactions within a large sports and exercise club were associated with 
social identification within that setting and predicted adherence to club activities. To analyze 
these interactions, the present study investigated social interactions in a Brazilian jiu-jitsu 
club, using social network analysis. The connections and the characteristics of members 
present in the core and the periphery of our network provided meaningful insights about how 
the position of the participants influences their social identification and their centrality. We 
expected that participants closer to the core would report higher social identity, but that this 
relationship would be strongest for participants who were beginners (i.e., white or blue belts), 
as compared to more proficient members. We also expected that one’s position within the 
network (i.e., centrality) would be positively associated with their social identification and 
behavioral regulation and would prospectively predict adherence at a follow-up point in time. 
Participants included 185 practitioners from a large Brazilian Jiu-Jitsu (BJJ) club (Mage = 
31.91 SD = 7.05, 95% male). Participants completed a name generator survey (to construct 
the social network) alongside items related to social identification and sport motivation. Club 
records were accessed to measure adherence at a seven month follow-up. Our results show a 
core-periphery structure with a highly clustered and well-defined core. We found that social 
identity and belt status were good predictors of centrality and that centrality is more closely 
associated to social identity for beginners (lower belt status) in the group, even though social 
identity was higher for the more proficient participants. Regression analyses indicated that 
those who were most central within the peer network reported stronger perceptions of one 
social identity dimension (i.e., ingroup ties) and were more likely to continue involvement in 
BJJ. These findings demonstrate how centrality within a large peer network may relate to 
beliefs about the group and behavior – with a key implication being the need to strengthen 
athletes’ and exercisers’ integration within their peers in club environments. 
 
Key-words: social network; social group; social identity; motivation 
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CONNECTIONS ON THE MAT: SOCIAL NETWORK ANALYSIS AND 
INVOLVEMENT AMONG BRAZILIAN JIU-JITSU PRACTITIONERS 
 
INTRODUCTION 
Brazilian Jiu-Jitsu rests its origins from the Japanese Jujutsu which was transformed 
by the thoughts and practices of Jigoro Kano, who developed the Kano Jujutsu, later known 
as Judo, practiced in the Kodokan school (KANO, 1986). Later on this traditional martial art 
was brought to Brazil by the Kodokan student Mitsuyo Maeda (ROZA, 2015). In 2006 there 
were 1,500 BJJ training centers (mostly gyms and clubs) in the main cities in Brazil, with 
350,000 regular practitioners; at that time, it was already possible to see a growing market in 
BJJ magazines, especially because it was considered an option of sports business not only in 
Brazil but also in the U.S. and Europe (GUIMARÃES, 2006). Brazilians travel all around the 
world diffusing these techniques, and today it is possible to see this sport in many contexts, 
from social projects to highly expensive gyms, with children to elderly practitioners with 
different objective in its practice, from highly competitive teams to people who engage in BJJ 
for health and well-being. 
BJJ is an individual sport, but you need a partner to train and to progress, once it is a 
combat sport. The quality of training partners has a greater impact in the improvement of skill 
levels than competition (RIBEIRO & HOWELL, 2008). When considering the dichotomy 
between team and individual sports, one might comprehend that as there are many activities in 
individual sports which athletes don´t require to integrate with others, there shouldn´t be as 
much interpersonal relationship as team sports. However, in individual sports the performance 
efforts are not normally individual, but backgrounded by many hours with teammates, 
building important interpersonal relationships (Evans et. al., 2012). In combat sports you need 
others to improve. Each teammate has a role, the one with less ability leaves you free to test 
out your weaknesses while the one with higher skill lead you to greater efforts to try to 
achieve that proficiency, they can also help improvement with advice and by pushing you to 
your limit. The most interesting interaction is that the better your teammate gets, the more 
they push you to improve. This can be so for athlete or even for practitioners who are training 
for other goals, as health, leisure and others. Evans and colleagues (2012) also emphasize 
teammate’s presence for training and the identification of distinct leaders and roles 
considering these factors of individual sports based on task type, where athletes are not 
interdependent with others on competitive tasks. With this in mind, we understand that the 
strength of social connections of training teams and the personal bonding among practitioners 
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are relevant motivational aspects in the evolution of this sport, which is growing all around 
the world. 
In this environment, and also in other sports (Bruner et al., 2017; Evans, Eys, & 
Bruner, 2012; Martin, Balderson, Hawkins, Wilson, & Bruner, 2017; Rees, Alexander 
Haslam, Coffee, & Lavallee, 2015; Stevens et al., 2017), it seems that the group´s connections 
influence ones motivation and behavior. In social identity theory these processes are 
associated with basic human motivation and cognitive processes, where individuals “seek, 
promote and protect valuable self-describing social identities and the social groups that define 
such identities” (HOHMAN, 2017, p.126). This theory is related to individual´s self-image 
derived from social categories that perceive to ones feeling of belongingness (TAJFEL & 
TURNER, 1979). We understand that this identification to the group may influence in 
practitioners behavior (BRUNER et al., 2014b; BRUNER et al., 2017a ) and commitment 
(MARTIN et al., 2017), leading ones belief, attitudes and feelings to be consistent with the 
norms that guidelines of the group (GRANT et al., 2015). 
To understand group structure and connections among individuals, social network is a 
suitable approach (HANSEN et al., 2010). In social network analysis, nodes represent 
members of the group and ties represent the connections among them. In a social network we 
can identify many indices of the social structure, as density (i.e., cohesion), transivitity (i.e., 
clustering), and centrality. To talk about centrality, we must understand the meaning of 
power. Sociologists would agree that power is a fundamental property of social structures, 
even though there is not much agreement about what it is (Hanneman & Riddle, 2005). For 
these authors, power is a consequence of patterns of relations. One is considered to have 
power because they can dominate others, although power also comes from acting as a 
"reference point" by which other actors judge themselves, and by being a center of attention 
whose views are heard by larger numbers of actors. Thinking about BJJ, power might mean a 
sense of acceptance and belongingness that motivates involvement. It might also provide 
individuals with more ‘resources’ in communication, or people which other can go to for 
information. Considering social identity, we could suggest that, separate from power, it would 
predict that having more connections just means we have more people to remind us of our 
identity. Therefore, there are unique types of social influence within group structures, one 
individuals share common goals and benefits when identifying with the group, forming group 
norms and roles assuming positions within this structure (e.g., CARRON & EYS, 2012; 
FORSYTH, 2010). 
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We believe that these interactions within group members strengthens with time and 
when one feels a part of this group and feels strong ties and similarities with other members 
of the group his motivation and involvement should also increase. The influence of self-
determination in sports motivation has been well documented (Teixeira, Carraça, Markland, 
Silva, & Ryan, 2012), some researches reference the relationship with this theory and sport 
continuation (Ferrand, Nasarre, Hautier, & Bonnefoy, 2012; Gucciardi & Jackson, 2015; 
Jõesaar & Hein, 2011) and commitment (Garcia-Mas et al., 2010) in physical activity and 
sports. It is more common to find studies related to SDT and burnout in elite sports (Cresswell 
& Eklund, 2005a, 2005b; Hodge, Lonsdale, & Ng, 2008; Lonsdale & Hodge, 2011; Lonsdale, 
Hodge, & Rose, 2009). In this research we focus on these two theories to attempt to 
understand how they interact and relate to involvement. In SDT, the type or quality of a 
person´s motivation is more important than how much motivation this person has. In this 
theory, there is a distinction between autonomous and controlled motivation. Autonomous 
motivation consists in intrinsic and certain types of extrinsic motivation that people have 
identified with an activity’s value and ideally will have integrated it into their sense of self. 
Therefore, when autonomously motivated, people experience volition, or a self-endorsement 
of their actions (DECI & RYAN, 2008). Controlled motivation is understood as external 
regulation, that is when one´s behavior is a function of external contingencies of reward or 
punishment, and an introjected regulation, that is when the regulation of action has been 
partially internalized and is energized by factors such as an approval motive, avoidance of 
shame, contingent self-esteem, and ego-involvements (DECI & RYAN, 2008). 
The goals of the current study are to examine the psychosocial and motivational 
aspects in the practice of Brazilian Jiu-Jitsu (BJJ). We sought to investigate a whole social 
network in a large BJJ club. The research is presented in two parts in article format. 
In chapter 1, ‘Analysis of a whole social network in Brazilian jiu-jitsu: core and 
periphery social interactions’, the analysis of a whole social network in BJJ is detailed, 
discussing the social structure focusing on the interactions between the members of the core 
and the periphery of the network. We examined the social structure of the BJJ team with a 
new integrated approach for composing a whole social network, in order to understand how 
the connections and positions of the practitioners within the group came to influence their 
experiences and social identities. Social network analysis was used and regressions were 
carried out to predict centrality, and then to understand how centrality influenced social 
identity. We expected that the participants closer to the core of the network would be the more 
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proficient (higher belts) and perceive higher social identity, but that this relationship would be 
higher for beginners, as compared to the more experienced practitioners. 
In chapter 2, ‘Involvement in Brazilian jiu-jitsu: motivation, social identity and social 
connections on the mat’, we examined how the structure of peer interactions within the 
network were associated with social identity and self-determination, predicting adherence to 
club activities. Social network analysis was also used and we conducted regressions to 
identify which variables were able to better predict social identity and involvement. We 
expected that the participants more central within the peer network would report stronger 
perception of social identity and self-determination, being more likely to continue their 
involvement in the team and in BJJ practice. 
Considering the limitations of studies with whole social networks in large structured 
sport clubs and in BJJ in sport psychology, we justify our study by the belief that it can bring 
insights with psychosocial and motivational aspects through a group structure perspective. To 
understand the connections between our participants, showing social influence in a context 
where some may not expect there to be any, as it is an individual sport. We consider that this 
research could have relevance in characterizing and understanding the social structure of BJJ, 
favoring its evolution. 
We expect that this study may promote scientific advancement and understanding of 
organizational aspects of BJJ. This is especially the case, as BJJ is an emerging combat sport, 
with no existing research examining psychosocial experiences of BJJ practitioners. Thus, we 
hope our findings reach the training environments of BJJ, helping to guide coaches’ attitudes 
and adaptations to the objective of increasing attendance among practitioners, as well as 
improving involvement and motivation in BJJ sessions, and even in other sports. We believe 
these goals can be achieved by characterizing and understanding the social structure of the 
reference BJJ team studied, with motivational an psychosocial aspects capable of influencing 
interpersonal relationships. The complex social structures presented in this research 
demonstrate that interpersonal interaction patterns within sports and exercise clubs represent 
novel avenues to examine and promote social influence, motivation and adherence in social 
networks. 
19 
CHAPTER 1: ANALYSIS OF A WHOLE SOCIAL NETWORK IN BRAZILIAN JIU-
JITSU: CORE AND PERIPHERY SOCIAL INTERACTIONS 
 
Abstract 
Social relationships ensue from individuals seeking out affiliation with others, 
identifying themselves with their groups by engaging in activities that provide meaningful, 
lasting and positive connections. Sports environments can favor these interactions in varied 
contexts, with different objectives, as performance and well-being, for people who decide to 
be involved. To analyze these interactions, the present study investigated social interactions in 
a large Brazilian jiu-jitsu club, using social network analysis. The main purpose of this study 
was to understand the social structure of the team, using a name generating method, to 
compose a whole social network and examine how the connections and positions within the 
group come to influence the practitioner’s experiences and social identity. Using the name 
generator, we created a whole network of the Brazilian Jiu-Jitsu club. We expected that the 
participants closer to the core would report higher social identity, but that this relationship 
would be strongest for participants who were beginners (i.e., white or blue belts), as compared 
to more proficient practitioners. We also expected that the belt status (that indicates 
proficiency) could influence the network structure, where higher belts are more commonly 
part of the core while the beginners tend to form the periphery. Brazilian jiu-jitsu practitioners 
completed a name generator survey to compose the social network followed by an online 
survey with demographic aspects and an adapted and translated Social Identity Scale. Our 
results show a core-periphery structure with a highly clustered and well-defined core. We 
found that social identity and belt status were good predictors of centrality and that centrality 
is more closely associated to social identity for beginners (lower belt status) in the group, 
even though social identity was higher for the more proficient participants. The connections 
and the characteristics of members present in the core and the periphery of our network 
provided meaningful insights about how the position of the participants influence their social 
identification and their centrality. 
 







Brazilian Jiu-Jitsu (BJJ) is a wide-reaching physical activity that numerous people in 
and out of Brazil engage in. In 2006 there were 1,500 BJJ training centers (mostly clubs) in 
the main cities of Brazil, with 350,000 regular practitioners; at that time, it was already 
possible to see a growing market in BJJ journals, especially because it was considered an 
option of sports business not only in Brazil but also in the U.S.A. and Europe (GUIMARÃES, 
2006). Brazilians travel all around the world disseminating BJJ techniques, and today it is 
possible to see this sport in many contexts, from social projects to highly expensive clubs, 
with children to elderly practitioners. Thus, BJJ is a good context to study social influence 
because it typically entails a club-based environment, including small groups and engrained 
status contrasts (i.e., proficiency degrees represented by the color of belts). BJJ is an 
individual sport, but one needs a partner with whom to train and the quality of training 
partners has greater impact in the improvement of skill levels than competition (RIBEIRO & 
HOWELL, 2008). 
This context entails an environment that favors intense social interactions, as physical 
activities with the potential of forming intricate group base dynamics and connectivity among 
practitioners in moments of leisure. Such social environments offer ideal opportunities for the 
study of mechanisms of involvement in physical education practices, since when a 
practitioner identifies with a sports group there is a tendency to intensify engagement in 
shared activities, what favors healthier and positive social cognition (GRANT et al., 2015), 
factors that reinforce motivation and participation. People have the need to form and maintain 
some lasting, positive and significant relationships to satisfy frequent and pleasant 
interactions with others, in temporally stable and enduring frameworks of affection and 
welfare between individuals (BAUMEISTER & LEARY, 1995). 
These social environments do not always have exclusively positive influences. Even 
within the same group, individuals can have different experiences. Inspiration and comparison 
with relevant peers, especially those whose success seems attainable, can encourage and 
motivate individual’s particular goals and a path to follow in pursuit of their own success. If, 
on the other hand, success seems unattainable, this can discourage and demoralize the hope of 
achieving ones goal (LOCKWOOD & KUNDA, 1997). In BJJ we believe that participants 
with more time of involvement and higher proficiency are seen as role models to beginners, 
having this capability of encouraging and inspiring goals to be achieved. 
People usually search for goal-directed activities, seeking out interpersonal contacts 
and cultivating interactions until achieving a feeling of relatedness and belongingness. 
21 
Forming these social bonds seems to be quite easy, and people tend to invest time and effort 
in fostering them, as to spontaneously arise in friendship. Thus, people need regular social 
contact and intimate relationships that bring strong feelings of attachment, intimacy and 
commitment. When a satisfactory quantity of social contact is achieved the motivation to 
form new ones is diminished, people tend to experience less satisfaction in extra relationships 
so they are less inclined to seek additional bonds (BAUMEISTER & LEARY, 1995). 
Newcomers are often uncertain about their new group identity and the scarcity of information 
about the group may lead to relying on self-knowledge as a cognitive basis to create self–
group overlap, in the pursuit of identification (VEELEN et al., 2016). People compare 
themselves to similar others as standards to gain accurate self-knowledge, because only 
similar others can provide diagnostic information for the self-evaluation to self-enhance or 
maintain positive self-image (CORCORAN et al., 2011). 
In this general social context, interactions with network structures are formed, and are 
characterized through social networks. Social networks are distinct from other network 
sciences since the actors in the network have intentionality, so it includes both network 
relationships and social actors (ROBINS, 2015). In social networks, the analysis is focused on 
the relation among actors and not on individual attributes (HANNEMAN & RIDDLE, 2005). 
Social network analysis (SNA) is the “application of the broader field of network science to 
the study of human relationships and connections [...]. Social networks are created from any 
collection of connections among a group of people and things” (HANSEN et al., 2010, p.4). 
SNA has been considered in the context of sports practice, to explore team cohesion and 
group dynamics (OSGOOD et al., 2013), social support, social influence and social 
engagement (VOORHEES et al., 2005), and quality of leadership (FRANSEN et al., 2015; 
LOUGHEAD et al., 2016; FRANSEN et al., 2017). 
Social Identity Theory (SIT) can bring insights in sports study contexts, aiming at 
understanding how people feel when involved as part of a group, and how connections to 
other members of the group can influence their behavior (BRUNER et al., 2014; BRUNER, et 
al., 2017a; BRUNER, et al., 2017b). SIT is related to the aspects of one’s self-image that 
derives from the social categories that one considers to belong to (TAJFEL'S & TURNER, 
1979). The processes here are highly associated with basic human motivation and cognitive 
functions, in which people seek, promote and protect valuable self-describing social identities 
and the groups that define these identities (HOHMAN et al., 2017). 
With this in mind, considering the group dynamics in community-based sports and 
exercise organizations, the main purpose of this study is to understand the social structure of a 
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large Brazilian jiu-jitsu (BJJ) club, with a new integrated approach for composing a whole 
social network, examining how the connections and positions within the group come to 
influence the practitioner’s experiences and social identity. 
We expected that those participants closer to the core of the network would perceive 
higher social identity, but that this relationship would be strongest for participants who were 
beginners (i.e., white or blue belts), compared to more proficient practitioners. Considering 
that to be central to the network means a higher number of connections, what points to greater 
influence, communication and status. On the other hand, to be part of the periphery would 
mean fewer connections and so, less influence to the social structure. We also expected that 
the belt status would influence the network structure, with higher belts more commonly being 
part of the core while the beginners would conform the periphery. 
 
Methods 
Context and participants 
This study was developed in Campinas city (Brazil), which is a metropolis located 
98.9 km away from São Paulo city. It is the third most populous of the 645 cities of the State, 
with an estimated population of 1,173,370 in 2016 (IBGE, 2016). At the club where this study 
took place there were approximately 460 active practitioners summing all the activities 
(general fitness, cardio machines, group fitness sessions, Muay Thai and BJJ). Specifically in 
BJJ there were approximately 260 active participants in all levels of graduation (belt colors). 
It is one of the largest BJJ clubs in number of practitioners in the region of Campinas (SP), 
and the team of which they are part is distributed all around the world. There were six 
sessions per day in this club, from Monday to Friday and one session on Saturdays, adding up 
to 31 sessions per week. 
In BJJ there is a belt system that should represent proficiency and time of practice. 
The novice levels are the white and blue belts, next is the purple belt, considered the 
intermediate level and the brown and black belts are the advanced levels (RIBEIRO & 
HOWELL, 2008). In combat sports, the belt system could indicate not only proficiency, but 
also a status within the group, where beginners would look up at higher belts as more 
experienced and central practitioners. 
Participants in the research were active practitioners of BJJ, involving a total of 185 
respondents of the survey, including the two coaches. Participants ranged from 16 to 52 years 
of age (M= 31.91, SD = 7.05), 95% were male. Participants reported high educational 
credentials, with 36% reporting an advanced degree (i.e., M.Sc, MBA, D.Sc), 32% with a 
23 
college or university degree, 18% with some college or university and 15% complete high 
school. Regarding BJJ graduation, 19% were white belts, 27% blue belts, 22% purple belts, 
10% brown belts and 23% were black belts. Furthermore, whereas 41% of participants 
reported participating in Jiu-Jitsu competitions at regional or national levels, the remaining 
sample was exclusively involved in activities within the club (i.e., recreational involvement). 
Whereas participants reported an average involvement in Jiu-Jitsu for 7.18 years (SD = 5.72), 
experience ranged from less than 1 to 42 years. The average of training sessions per week was 
4.38 (SD=2.47). Regarding participants who had family members also involved in BJJ there 
were 38%. The club had a broad diversity of participants, most of who were involved in this 
activity for some time and had the interest of watching this kind of sports outside of training. 




This study was approved by the ethical research committee of the University of 
Campinas-UNICAMP, respecting the guidelines in Resolution CEP # 466/12 of the National 
Health Council for research on human subjects in Brazil by the number CAAE: 
56579416.2.0000.5404 (annex 1). 
Initial sampling consisted of attending all club sessions, the research team encouraged 
members and club personnel to invite other members or to identify members who may have 
an interest in participating (i.e., snowball sampling approach). After signing an informed 
consent term, agreeing to voluntarily participate in the research (annex 2), participants would 
answer a Social Network pen and pencil survey and an online demographic and social identity 
survey. The question ‘who do you interact with during your BJJ sessions’ was answered for 
the social network survey. Participants were encouraged to mention as many practitioners as 
they wanted and to identify their nicknames and characteristics (such as belt color). 
We ran a pilot with 24 participants in a small local BJJ club to test the survey, to 
estimate the expected time required by respondents, and learn how they would feel about the 
questions and what would be their difficulties. Data collection mostly took place at the club 
during all sessions (6:30 am, 9:30 am, 12 pm, 5 pm, 6 pm and 7:30 pm), usually two days a 
week and twice on Saturdays, during two months in 2016. Furthermore, 13 individuals were 
nominated but had not attended BJJ sessions at the club during the period of time that the 




Social network survey 
For the network composition, participants answered a social network name generator 
survey (annex 2), where participants nominated network partners (ROBINS, 2015). In this 
study, participants were asked to write down the names of everyone with whom they 
interacted during BJJ sessions in the club. To strengthen our dataset, five questions were 
related to the mentioned names in the first section of the survey, with types of interactions in 
and outside the club. The questions were about who they liked training with; whom do they 
ask for advice while training or preparing for a championship; who are the best in BJJ; peer 
and prosocial nominations, asking who is always willing to do good for others and who they 
go out with outside of BJJ sessions (e.g., see ROBINS, 2015, MARSDEN, 2003; MARIN, 
2004; MARIN & HAMPTON, 2007). 
 
A Google forms online survey was answered in two parts and the entire measurement 
tool is available in Annex 2 
Demographic survey 
In this survey, there were questions to characterize the practitioner’s general profile 
(age, gender, scholarship, occupation). Also their BJJ profile (belt color, participation in 
championships, number of sessions per week, sessions attended and time of involvement in 
BJJ). Some questions were aimed to represent their involvement with this sport (if there were 
family members who practiced or taught BJJ, frequency they watch sports combats on TV or 
the Internet, and self-perception of ability, considering the other participants with whom they 
trained). 
Social identity 
In the second part of the google forms survey, we used an adapted form of the Social 
Identity Scale (CAMERON, 2004) composed of a 7-point Likert-type scale from 1 (Strongly 
disagree) to 7 (Strongly agree). 
The social identity scale was adapted from the three dimensions of social identity: 
cognitive centrality (CC), ingroup affects (IGA) and ingroup ties (IGT). The subscale was 
assessed using a previously adapted version of the survey developed by Cameron (2004) with 
a youth sports population (BRUNER et al., 2014). Example items are “I feel strong ties to 
other members of this team” (IGT, 4 items), “I often think about the fact that I am a team 
member” (CC, 4 items), and “Generally, I feel good when I think about myself as a team 
member” (IGA, 4 items). When determining items to include in the social identity scales, we 
25 
decided to exclude the subscale of cognitive centrality. We made this decision because the 
main constructs of interest were individuals’ perceptions of connections to others and the 
affect derived from those connections, as opposed to the centrality of one’s identity. 
Furthermore, the internal consistency of the cognitive centrality items has been variable in 
past research, with researchers often dropping the subscale because of poor reliability 
(CAMERON, 2004; OBST & WHITE, 2005; BRUNER et al., 2014; BRUNER et al., 2016) 
while cognitive centrality has poor reliability. There were five negatively worded items that 
should be reverse-scored, and previous research has demonstrated the validity and reliability 
of this survey as well as its factor structure (i.g., BRUNER & BENSON, 2018). Three experts 
in both languages translated the social identity scale from English to Portuguese. The final 
version was revised by all three and tested in the pilot (NASCIMENTO JUNIOR et al., 2014). 
 
Data preparation 
Every day after data collection two excel spreadsheets were constructed, one assigning 
an identification number (ID) to all the participants who answered the surveys, with name, 
belt color and the date of answer, and the second with the names that were being mentioned 
and still had not been collected. Belt color was divided in a binary value for analysis, 
considering white and blue belts as beginners and purple, brown and black as advanced 
(RIBEIRO & HOWELL, 2008). With this procedure we were able to contact most of the 
participants, 185 participants (71%) were part of this study out of 260 nominated individuals, 
all practitioners who were part of the core or closest to it (mentioned at least 10 times) 
answered the survey. Identification numbers (ID) provided in the data collection were written 
down in front of the names pointed by the participants identifying the nodes in each name 
generator survey. With this data an adjacency matrix (also known as a sociomatrix) was 
formed. In this kind of matrix, each row and column represent actors (nodes) and where the 
cell values represent the presence or absence of a “tie”. This was a binary network, so zero 
represented absence of ties and one represented presence of a tie between nodes (ROBINS, 
2015). 
The network analyzed in this work relates who interacts with whom at the BJJ 
sessions at the club. The nodes are each participant who answered the survey and the ties are 
who they mentioned, the arrows represent the direction of the interaction and if the tie is 
reciprocal there is a double-headed arrow, thus this is a direct network, once it is possible to 
see the direction of the ties represented by arrows (ROBINS, 2015). The network was 
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directed, meaning that it specified whether a tie was unidirectional (i.e., only one member 
identified the other individual), or bidirectional (i.e., both members nominated one another). 
 
Identifying and managing missing responses 
In this study, 260 people were mentioned and 185 answered the survey (29% of the 
data missing). All the missing nodes presented low degrees (mentioned none or few times), 
composing the periphery, whereas all the participants mentioned over 10 times (to pertain the 
network core one should have at least 20 nominations) answered the survey and were part of 
the study. Considering the nature of the missing data in our work, our social network is 
characterized as a core periphery network, this means that there is only one cluster, so, 
betweenness and closeness are not very relevant. On the other hand, our choice when working 
with bonacich power centrality (see ahead) would have a bigger impact if we missed high 
degree nodes, that is, central nodes to the network. In this case we could have up to 47% 
missing nodes and still maintain a 0.9 correlation (SMITH et al., 2017). Out of the 75 
individuals identified as missing, 57% received only one nomination from other members, 
36% received from two to five nominations, and 7% received from five to 11 nominations. 
The data analysis was carried out on the UCINET6 software (BORGATTI et al., 2002). Of 
the core periphery network 42 were considered core members, all mentioned at least 20 times. 
 
Preliminary analysis 
With the name generator, data centrality was measured by indegree bonacich 
centrality, which considers not only the number of times a practitioner is mentioned, but the 
strength (influence) of the individuals who mentioned him. Regressions using indegree 
bonacich centrality from all six networks (interaction nominations, liking nominations, 
prosocial nominations, ‘best’ nominations, advice nominations) were conducted predicting 
centrality. All the study data was reviewed to assess the degree to which statistical 
assumptions for the required analyses were met, including assumptions about normality, 
reliability of scales, a linear relationship between the independent and dependent variables, as 
well as homoscedasticity (OSBORNE & WATERS, 2002). For the regressions predicting 
centrality, we evaluated the significance of the model by the Chi-square test and the explained 






We present the analysis in two parts, first an overall view of the social network 
images, presenting core-periphery interaction and its relation to the proficiency level of the 
practitioners. We divided the participants in two categories, 45% of the participants were 
considered lower belts (white and blue) and 55% higher belts (purple, brown and black). 41% 
of them claimed to regularly participate in championships. 
The results of social network analysis were all analyzed in UCINET6. To analyze 
centrality we considered bonacich centrality, that is a modified indicator of degree centrality, 
wherein higher weights are assigned to ties that are incoming from more popular participants 
(Bonacich, 1987). Interaction nominations in this research were used to compute the primary 
measure of individual centrality within the network. Furthermore, given that such centrality 
values tend to be skewed, we adopted the common approach windsorizing outlying values 
(i.e., recoding above Z = 3.25 down to that value) and transforming the value to its square 
root (OSGOOD et al., 2013). 
The second part presents the data provided from the online Google forms survey, 
imported from the excel spreadsheet provided by the program into the IBM SPSS Statistic 24 
software. The correlations and regressions relating all the data were also analyzed with this 
software by importing all the network information gathered at the UCINET6 analysis.  
The correlations and regressions were also conducted in two steps, first correlations 
were made between centrality and the other variables (demographic and social identity), and 
then a linear regression was used to predict centrality through variables showed as most 
significant. With these results, we found IGT as the only influential variable to centrality, so 
correlations were made between IGT and the other variables. Thus, a linear regression was 
made to predict IGT through the centrality results for the group of the beginners  and the 
advanced participants. Based on the results of these equations we were able to understand 




The most significant predictor across all six network (provided from the name 
generators) was the indegree bonacich centrality from the interaction network. For this reason, 
we decided to run all the analyses of this study using only the data from this network. 
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In Figure 1, we show the network structure of interactions among the participants of 
the study divided in belt colors, white, blue, purple, brown and black (represented by grey), it 
is possible to observe the dense core of the network. 
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Figure 1: Whole social network of the interactions of Brazilian Jiu-Jitsu participants. 
 
Note. Participants are represented by circles, the two coaches are triangles. The lines represent the interactions between participants and the 
arrows represent the direction of these connections. The colors of the circles represent belt colors: blue circles are the white and blue belts and 
red circles are the purple, brown and black belts. 
Source: this study. 
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For the interaction network participants of this study (N=185), there was an 
average of 15.53 nominations per person (SD=8.47). The density of this network is 
0.08%. This means that, from the overall sample of 185, there were 34.23 potential ties 
among all participants, and there were 2.86 ties reported by participants. Because 
density of a network is inversely related to its size (i.e., bigger networks are 
characterized by lower density), and because density is closely tied to how a network is 
measured, there is limited ability to relate this density score to groups in other contexts. 
Nevertheless, this value is important to consider when contrasting what centrality means 
within a group. 
The density of the network is represented by how much social activity is 
occurring in the network, this is the number of ties in the network proportional to the 
total number of possible ties (ROBINS, 2015). It is also relevant to consider transitivity, 
or the extent to which the overall network is structured into ‘triplets’, representing the 
extent that members’ interaction partners are likely also to know one another. As an 
indicator of transitivity of the interaction network, out of all potential triplets in the 
sample, 11% of those were identified as transitive using participants’ ties. An additional 
network descriptor is reciprocity, meaning the extent individuals’ tie nominations are 
reciprocated from the individual being nominated. Of the 2859 ties reported, 952 were 
reciprocal between both members – representing a reciprocity of 33%. 
Regarding the description of individual members’ centrality, the average degree 
centrality for members was 15.4 (SD = 21.02), while the average bonacich Power of this 
network was 2911.4 (SD=4104.7). The bonacich power β value is 0.045. bonacich 
centrality considers not only the degree of each actor, but also its power by the actors’ 
connections, where being connected to connected others makes an actor more central to 
the network (Hanneman e Riddle, 2005). 
Identifying the core-periphery structure involves first identifying those who are 
core and members who are on the periphery. In the current sample, by analysis made in 
UCINET6, 42 individuals, mentioned over 20 times, were identified as being members 
of the ‘core’, this value represents a close value to one stander deviation above the 
mean. We found that most (85.71%) of the core members were advanced practitioners. 
To better distinguish the two subgroups of beginners and advanced practitioners and the 
extent it demonstrates a core-periphery structure, we present Figure 2 with the isolation 
of the advanced (A) and the beginners (B) from the network. We can identify that the 
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higher belts are mostly closer to the core than the lower belts, indicating that individuals 
with more advanced levels tend to be more mentioned by others. 
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Figure 2: Core and periphery interactions among the Brazilian Jiu-Jitsu participants. 
Note. Image A represents the connections between higher belt participants (purple, brown and black belts, more proficient). Image B represents 
the connections between the lower belts participants (white and blue, beginners). 
Source: this study. 
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After identifying the core-periphery structure and relating this data with the two 
proficiency level groups, we compared the distribution of ties within four blocks of 
participants: (a) core to core, (b) core to periphery, (c) periphery to core, and (d) 
periphery to periphery. The analysis compared the study data against a core-periphery 
structure wherein there would be 100% density within a core group – as well as 100% 
density in ties between core members and those in the periphery – while 0% density 
among periphery members themselves. Furthermore, when compared with the ‘ideal’ 
core-periphery structure, the current network demonstrated a correlation of r = 0.45, 
which demonstrates a strong but not complete correlation. A correlation with a value of 
±0.1 represents a small effect, ±0.3 a medium effect and a ±0.5 a large effect (FIELD, 
2009). 
In Figure 3 we present a block model to better visualize the connections made 
within the network. In the top square to the left, we find the connections between core 
members, identifying a small and dense core, representing that members of the core 
usually mention one another. To the right, still top rectangle, there is the core 
connecting with the periphery and in the bottom left, we have the periphery connecting 
to the core. We can identify here that the periphery tends to mention much more the 
core members than the other way around. Finally, the bottom right rectangle represents 
the connections between periphery members, here we identify less nominations between 
the members of the periphery. 
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Figure 3: Block model representing connections between core and periphery 
Note. Each dot represents one connection between participants. The first region (top 
left) represent connection between core members. Top region to the right are the 
connections from the core to the periphery. Bottom left region represents periphery 
connections to core participants and the larger region (bottom right) are the connections 
between periphery members. 
Source: this study. 
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To reinforce these findings, we present Figure 4 showing the reciprocity data of 
the network, where the larger circles represent reciprocity interactions outwards, which 
means that those participants mentioned by a respondent also mentions that same 
respondent back. We can identify that members of the periphery tend to mention 
members of the core, while members of the core tend to mention themselves. This 
indicates that the above statement is valid for the periphery, and for the most central 
nodes showing higher reciprocity, but not entirely for the core, once some members 
present smaller reciprocity values. 
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Figure 4: Reciprocity interactions among the Brazilian Jiu-Jistu participants 
 
Note. Circles represent the participants of this study, the lines represent the connections between them and the arrows the direction of these 
connections. The size of the nodes represents reciprocity outwards. 
Source: This study. 
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Predicting centrality 
Understanding network structure also entails identifying features that predict 
where members are positioned within networks. With this in mind, correlations between 
centrality and all the other variables were conducted. In Table 1 we correlate centrality 
with significant values, which are: how participants feel about their skills, their belt 
color, IGT and IGA, their integrated, identified and introjected motivation and how 
many years they are involved in BJJ. 
 
Table 1: Correlations between centrality and other variables of the study 
 Centrality  
 correlation p-value 
Age .043 .570 
Skills .423 .000** 
Belt .503 .000** 
IGT .398 .000** 
IGA .157 .035* 
Years involved .419 .000** 
Note. Results from demographic survey and the adapted social identity scale (e.g., age, 
perceived skills, belt color, IGT, IGA and years of BJJ practice). ** Correlation is 
significant at the 0.001 level; * Correlation is significant at the 0.01 level; † Correlation 
is significant at .05 level (2-tailed). For complete correlation table see Table 1 at chapter 
2. 
Source: this study. 
 
The significant variables presented at the correlation table (table 1) composed 
the linear regression to predict centrality. Years involved was excluded from this 
regression once it was a similar value to belt color. The results of the linear regression 
to predict centrality through the demographic variables and social identity are displayed 
in Table 2. For this model, the R² corresponded to 0.34. Belt and IGT are significant at 
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t-value p-value Collinearity 
Statistics 
B Std. Error Beta Tolerance VIF 
 
(Constant) -4259.879 2570.113  -1.657 .099   
Skills 251.436 206.261 .103 1.219 .225 .542 1.844 
Belt 997.681 224.607 .372 4.442 .000** .546 1.832 
IGT 910.398 230.945 .301 3.942 .000** .659 1.518 
IGA -280.043 316.875 -.067 -.884 .378 .667 1.499 
Note. Regression table indicating correlations, Means, and SDs of key demographics 
and social identity that are interval/ratio, scale-scored variables, predicting centrality. 
Predictors: (Constant), perceived skills, belt color, IGT and IGA. ** Correlation is 
significant at the 0.001 level; * Correlation is significant at the 0.01 level; † Correlation 
is significant at .05 level (2-tailed). 
Source: this study. 
 
Predicting social identity 
IGT represented the a significant psychosocial aspect related to the social 
structure, while IGA did not present significance to the regression. With this, overall 
correlations were carried out between IGT and the other variables of the study. In Table 
3 we can observe that perceived skills (how the participants think about their own skills 
compared to others in the club), belt color, IGA, years of involvement in BJJ and 
centrality are the variables with significant correlations with IGT. 
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Age -.008 .920 
Skills .324 .000** 
Belt .235 .001** 
IGA .473 .000** 
Years involved .168 .024* 
Centrality .398 .000** 
Note. Correlations between IGT and other variables of the study: results from 
demographic survey and adapted social identity scale (i.e., age, perceived skills, belt 
color, IGT, IGA, years of involvement in BJJ and centrality). ** Correlation is 
significant at the 0.001 level; * Correlation is significant at the 0.01 level; † Correlation 
is significant at .05 level (2-tailed). 
Source: this study 
 
The two subscales demonstrated adequate reliability, including Cronbach´s 
alpha results of 0.77 (IGA) and α = 0.87 (IGT). 
 
Associations between centrality and psychosocial constructs 
The correlation data show that higher belts are more central and show higher 
IGT values. When comparing the core and the periphery in the network set, there is an 
average of IGT for the periphery of 4,98 (SD=1.22) and of the core of 6,01 (SD=1.00). 
On the other hand, the regressions associating centrality and psychosocial 
variables point to the understanding that centrality is more closely associated to social 
identity for members who are relative newcomers to the group or who had not yet 
reached a high status as demonstrated by belt color. This can be observed in Figure 5, 
where we can see the real values from the data set of this research and the predicted IGT 
if the newcomers were more central to the network. 
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Figure 5: Centrality predicting IGT for lower and higher belts in the Brazilian Jiu-Jitsu 
participants 
 
Note. Black line represents beginners (white and blue belts) and the gray line are the 
advanced participants (purple, brown and black belts). The values used were the 
Bonacich centrality. The continuous line shows the real values provided in the dataset 
and the dashed line shows the predicted values from the regression. 
Source: this study. 
 
Discussion 
Hanneman & Riddle (2005) affirmed that when network methods are focused on 
relations, actors cannot be sampled independently - if an actor is selected, other actors to 
whom this node has ties must also be included. This is why network approaches tend to 
study whole populations. Agreeing with this, the network in this research is 
characterized as a whole network, as it involves a single set of actors within a well-
defined network boundary. The data in this kind of network include ties among actors 
and is collected through survey, with name nomination or by other electronic forms or 
other types of data collection (ROBINS, 2015). 
The network analyzed in this work relates who interacts with whom at the BJJ 
sessions at a large club in the city of Campinas (SP-Brazil). The nodes represent each 
participant who answered the survey and the lines represent the ties of who they 
mentioned (interactions). This is a direct network, once it is possible to see the direction 
of the ties represented by arrows, if the tie is reciprocal there is a double-headed arrow. 
The network was directed, meaning that it specified whether a tie was unidirectional 
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(i.e., only one member identified the other individual), or bidirectional (i.e., both 
members nominated one another) (ROBINS, 2015). 
In this research, we presented an overall view of the social network structure of 
the participants of the study. We detailed in the method section the approaches used to 
collect the data, aiming to show how it was possible to compose a whole network with 
peer nominations with a large team of BJJ. We found a core-periphery structure with a 
highly clustered and well-defined core. 
In the sequence, we discussed how the interactions between core and periphery 
occurred in this social structure, relating these results with centrality and social 
identification within the group. We found significant values for IGT interacting, 
influencing and being influenced by centrality, but not with IGA. This could be because 
of the dimension in which IGT is related to the perception of the entire team and their 
belongingness associated to aspects as cohesion and connectedness with other members 
of the group, while IGA has a more introspective dimension (MARTIN, et. al., 2017). 
When improving social identity, more specifically IGT, the commitment and 
self-worth outcomes related to the group can represent the shared perceptions of the 
participants’ independent connections with other members of that group (MARTIN et 
al., 2017). Therefore the more identified with the group an individual feels, the more he 
or shewill feel motivated to find out and align with the norms, values, and ideals - the 
meaning of being a member of that group (STEVENS et al., 2017). Lockwood & Kunda 
(1997) suggested that the feeling of belongingness to the group has a positive impact in 
the pride of association with others much more than by self-appreciation. Social identity 
is inherently a personal construction, although largely influenced by the group. This can 
be why IGT can also predict centrality, indicating that the individual has a higher 
feeling of similarity and belongingness to the group. 
We found that most of the core members were higher belts, and had also higher 
values for IGT. This suggests that there is a direct relation between IGT and the position 
of an individual within the network. People with higher proficiency levels in BJJ tend to 
find their way closer to the core of the network, and with this they tend to feel 
themselves more connected to the group. This can be associated with IGT, because to 
reach a higher belt one has a level and time of dedication to the sport and consequently 
more time with the team. Thus, we can consider that when one has a higher belt in BJJ 
other individuals look up at him or her. These findings are in line with Lockwood & 
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Kunda (1997) when considering that ideal role models are normally older, in a more 
advanced stage and has achieved what is hoped for in the context that both are part of, a 
group for example. Also in accordance, Corcoran (2011) and colleagues suggested that 
when an individual desires to improve, superior others seem to be the perfect standards, 
since upward comparisons can motivate. Gibson (2003) defines role model as a person 
who individuals perceive as similar to some extent, and because of this, there is the 
desire to emulate aspects of that person’s attributes or behaviors. People see role models 
as possible exemplars of skills and attributes needed to achieve desired goals. In the 
present study, we found a tendency of the BJJ practitioners members of the periphery 
(mostly beginners) nominating core members, what can bring this sense of roll model to 
the more proficient practitioners (higher belts member of the core of the network). 
Our results suggest that apparently it is particularly valuable for beginners to 
make their way to the center of the group. First by their high nominations of core 
members, pointing out their desire to feel connected to these members, as noted in the 
core-periphery connections (shown in the block model). Second, shown by the 
regression analysis, indicating that lower belts, if had the same centrality as higher belts 
would have higher scores of IGT. We associate our findings to Gibson´s (2003) study, 
where he identified that when an individual enters an organization, or, in our case, a 
group, the role model turns out to be the person who attends a variety of issues wished 
to attain by beginners. Thus, for newcomers, in a group, the socialization shows more 
significance, where they tend to be hyper-sensitive to their affiliations, while, when 
firming this sense of connectedness, this feeling seems less important. For positive role 
models these attributes are relevant tasks or skill expertise they wish to learn, also, 
professional image expected to portray and aspects that reflect who they desire to be as 
gaining experience. This can help the person’s development in the group. 
 
Strengths, limitations and future perspectives 
In other studies that apply social network analysis, although the number of 
participants can be also large (more than 260 participants) (FRANSEN et al., 2015; 
LOUGHEAD et al., 2016; FRANSEN et al., 2017), these are divided in smaller 
networks, that is, data are gathered from many different teams. In our study, all of the 
participants were part of the same network, which represents one of the strong aspects 
of this study, once it represents a large whole network and it´s interactions, rendering 
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strong significance to the observed interactions of the network. On the other hand, this 
can also be seen as a limitation, since we do not have data from other teams to compare 
with our results. Specifically, note that these findings may not generalize to other 
groups. An important point is that the team size we studied is common in combat sports, 
thus we understand that this is a rich context for further research aiming at 
understanding group-based behavior. 
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CHAPTER 2: INVOLVEMENT IN BRAZILIAN JIU-JITSU: MOTIVATION, 
SOCIAL IDENTITY AND SOCIAL CONNECTIONS ON THE MAT 
 
Abstract 
There is growing support for the claim that exercise and sports participation is 
commonly a social experience that is shaped by peer interactions. The current study 
examined how the structure of peer interactions within a large sports and exercise club 
were associated with social identification within that setting and predicted adherence to 
club activities. To understand the group’s social structure, we used a social network 
derived from reported peer interactions. We expected that one’s position within the 
network (i.e., centrality) would be positively associated with their social identification 
and behavioral regulation and would prospectively predict adherence at a follow-up 
point in time. Participants included 185 practitioners from a large Brazilian Jiu-Jitsu 
(BJJ) club (Mage = 31.91 SD = 7.05, 95% male). Participants completed a name 
generator survey (to construct the social network) alongside items related to social 
identification and sport motivation, whereas club records were accessed to measure 
adherence at a seven month follow-up. Regression analyses indicated that those who 
were most central within the peer network reported stronger perceptions of one social 
identity dimension (i.e., ingroup ties) and were more likely to continue involvement in 
BJJ. These findings demonstrate how centrality within a large peer network may relate 
to beliefs about the group and behavior – with a key implication being the need to 
strengthen athletes’ and exercisers’ integration within their peers in club environments. 
 
Key-words: social network analysis; social identity; centrality, peer connections 
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Introduction 
There is growing evidence that social influence is a powerful mechanism for 
promoting physical activity and sport participation (GRANT et al., 2015). When 
describing why social influence is so prevalent in sport and exercise, researchers often 
look toward evidence of the direct influence of personal relationships on health and goal 
pursuit. Most notably, individuals’ have a need to belong, which is an innate orientation 
to form and maintain meaningful interpersonal relationships (BAUMEISTER & 
LEARY, 1995). Even if the relative amounts and types of connectedness that each 
individual pursues may differ (PICKETT et al., 2004), those who perceive greater 
connectedness or who are more integrated with others incur benefits ranging from 
psychosocial well-being to physical health (e.g., reduced depression; EVANS et al., 
2012). As they pursue this need, individuals are sensitive to indications of acceptance 
and engage in many goal-directed activities to cultivate or maintain relationships that 
provide positive feelings and acceptance. 
An understanding of this social influence is evident in the integration of ‘social’ 
components within theories and models that describe health behavior. For example, the 
theory of planned behavior includes subjective norms that guide the formation of 
behavioral intentions (AJZEN, 1991), while the process of internalizing one’s motives 
the self-determination theory describes is strongly influenced by others (DECI & 
RYAN, 1985). People also seek out sport and exercise contexts that involve other 
individuals and their health behaviors are sensitive to others’ behaviors and beliefs. As 
an example, the mere presence of peers is enough to motivate adolescents to be 
physically active (SALVY et al., 2008), and youth report more strongly self-determined 
motives and higher competence when they perceive greater peer acceptance and 
friendship quality in sports (SMITH et al., 2006). Burke and colleagues (2006) similarly 
demonstrated adults’ preferences for exercising in social contexts, and revealed how 
interventions may leverage social environments to support adherence and attract new 
participants. Research continues to demonstrate how physical activity behaviors are 
fostered and maintained through social relationships to group level constructs (e.g., 
cohesion; CARRON et. al, 1985). For instance, the quality of interpersonal relationships 
experienced with salient social agents is associated with the quality of athletes’ sport 
experiences and continued sport participation (e.g., teammates, WEISS & SMITH, 
2002, coaches, JOWETT & LAVALLEE, 2007, BRUNER et. al., 2014a). Similarly, 
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constructs involving athlete perceptions of the entire group have also been investigated 
(e.g., cohesion, CARRON, et. al., 1985; collective efficacy, SHORT, et. al., 2005), with 
the research supporting numerous benefits for both individual athletes and the team as a 
whole (e.g., positive youth development, BRUNER, et. al., 2014a; performance, 
CARRON et. al., 2002). 
Beyond mere peer influence, groups are particularly inherent in physical activity 
contexts: Ranging from small and close-knit teams and exercise groups to the larger and 
more diffuse organizations and clubs that surround them. Groups are a unique type of 
social influence because, to be considered as a group, members’ must share common 
goals/benefits and identify as a group, while also forming social structures like roles and 
norms (e.g., CARRON & EYS, 2012; FORSYTH, 2010). Group dynamics research has 
often focused on how adherence and motivation are influenced by individuals’ 
perceptions of their group (BURKE et al., 2006; ESTABROOKS et al., 2012; 
HARDEN et al., 2015). For example, Spink and colleagues (2010) demonstrated how 
individuals were more likely to adhere to group-based fitness when perceiving greater 
groupness, as opposed to those who attributed fewer group characteristics to their social 
setting. This observation extends to sports, as athletes report stronger commitment to 
their group and intentions to return when they report high perceptions of group cohesion 
(SPINK et al., 2015) or task motivational climates in their group (ATKINS et al., 2015). 
Interactions with other group members also influence the meaning the athletes derive 
from their involvement (EVANS et al., 2013), along with their personal development 
and long-term sport participation (e.g., WEISS & SMITH, 2002; BRUNER et al., 
2014). 
Although much of the existing research focuses on group processes such as 
group cohesion, the structure of sport and exercise groups also impacts members’ 
experiences and outcomes. Structure is evident in psychological processes that guide 
members’ interaction and indicate individuals’ positions (e.g., roles, norms, and status), 
as well as groups’ physical properties (e.g., group size, task rules, interdependencies; 
CARRON & EYS, 2012). As detailed by the moniker ‘group structure’, these aspects 
represent a type of scaffolding that shapes emergent group processes (EVANS & EYS, 
2015). Whereas these physical and psychological group structures are the focus of 
numerous investigations in sport and exercise, we argue that researchers have yet to 
direct consistent attention toward understanding emergent group structures that are 
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evident in the patterns of interaction among members. When contrasted with the 
tendency to measure and aggregate individuals’ subjective evaluations of their groups, 
measuring the emergent group structure holds value because it targets the complexity of 
groups and the potential for individuals to take on unique positions within them. 
 
Social network approaches 
Although numerous approaches may be used to study emergent group structures, 
a social network approach is uniquely suited for gathering an understanding of how 
members orient themselves by mapping connections among members. Indeed, although 
the potential application of social network analysis to understand social influences in 
sport and exercise has been recognized for decades (NIXON, 1992), there are relatively 
few existing applications within this context. Social network analysis is applied to study 
human relationships and connections, its structure is from a collection of connections 
between individuals (HANSEN et al., 2010). Social network analysis can happen in 
large or small groups. It entails studying members (i.e., nodes) and some kind of tie that 
connects them (e.g., interacting, liking, sharing resources). Once constructed, networks 
are used to derive many indices of the group’s structure – including aspects like density 
(i.e., cohesion), transivitity (i.e., clustering), or the redundancy of relations within a 
group. 
Social network analysis and related approaches provide tools to measure and 
interpret patterns of interactions within groups in many forms, CHRISTAKIS & 
FOWLER (2007) suggest that health behaviors that lead or prevent obesity might be 
spread between social ties when an individual is embedded in a social network. 
Connections with peers represent pathways that attitudes, resources, and 
behaviors are conveyed across – but being central within these peer connections is also 
a signal of connectedness, acceptance, and status. Member centrality is of particular 
interest for understanding individual behavior and motivation. Centrality represents the 
importance of an individual (node) within a network structure (ROBINS, 2015). 
Centrality is such a common indicator that approaches to calculate centrality have 
expanded beyond simple indices, toward different ways of measuring centrality (i.e., 
closeness, degree centrality, betweenness centrality), which have expanded substantially 
(HANNEMAN E RIDDLE, 2005; ROBINS, 2015). With this in mind, centrality 
represents a form of social power (i.e., influencing others, access to resources, receive 
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attention) and embeddedness within the group that may influence behavior 
(HANNEMAN & RIDDLE, 2005). 
Initial research with sport groups demonstrates this influence by exploring 
centrality within closeness or leadership networks (FRANSEN et al., 2015; FRANSEN 
et al., 2017). For example, FRANSEN et al. (2015) demonstrated that leaders who 
group members felt more closely connected to were often viewed as more effective. 
Whereas this research focused on studying numerous small groups, another approach to 
studying centrality applies a ‘whole network’ design, where all individuals under 
investigation belong to the same network. As groups get larger in size, diversity, and 
sheer number of potential ties exponentially increase, social network approaches gain 
particular value. In such large networks complexity increases and provide perhaps even 
stronger grounds for using SNA (FRANSEN et al., 2015; FRANSEN et al., 2017). As 
such, social network analysis is an emerging approach in sport and exercise, but we are 
only beginning to understand how peer network structures may influence motivation 
and behavior. 
 
Network ties, identification, and motivation 
Although social network approaches may entail using unique theoretical 
assumptions, existing theories in sport and exercise psychology also inform this 
approach. When considering how individuals evaluate and respond to their position 
within a group, social identity theory is a particularly fruitful theoretical perspective. 
Social identity theory focuses on how individuals construct and manage social identities 
in ways that optimize self-evaluations while also optimizing group distinctiveness. 
Social identities are specifically “those aspects of an individual´s self-image that derive 
from the social categories to which he perceives himself as belonging” (TAJFEL'S & 
TURNER, 1979). The process of social identification is a motivated process driven by 
belongingness along with a host of other motives, including esteem enhancement, 
identity continuity, self-efficacy, meaning, and distinctiveness (VIGNOLES et al., 
2006). Individuals are more confident when supporting a positive self-evaluation, 
engaging in a variety of self and group enhancing strategies, making interpersonal and 
intergroup social comparisons, seeing themselves as member of their group. With this in 
mind, we expect that those in a position of centrality will strongly identify with their 
group. 
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Using social identity, identification may strengthen at practical levels because 
social identities are in part comprised of having connections with others. Identification 
may also be a motivated process because group members who are more central hold a 
position of power and acceptance that may motivate them to identify with the group 
because it is pleasing and central. In either case, centrality is a valuable facet of sport 
and exercise groups. Young athletes who identify strongly with a social group report 
more prosocial and less antisocial behavior with peers (BRUNER et al., 2014b; 
BRUNER et al., 2017a; BRUNER et al., 2017b). Individuals also tend to be more 
committed to their group (MARTIN et al., 2017) and to be consistent with the norms 
and attributes that describes the beliefs, attitudes and feelings that guide the group 
(GRANT et al., 2015). As those with strong social identities to engage in the norms and 
behaviors of their group, this means that identifying with an exercise group may 
strengthen motives to engage in exercise behavior that is consistent with that group. In 
sum, even though social identification is a valuable perception to foster belongingness 
perceptions, it may also promote positive behaviors and sport/exercise participation as 
members strive to be consistent with the norms and behaviors of their group 
(STRACHAN et al., 2012). 
Beyond the direct expectation that peer networks are embodied within 
individuals’ perceptions of the group, there are also grounds to expect that social 
networks may influence athletes’ and exercisers’ autonomy. Specifically, Ryan & Deci 
(2003) emphasized how socially-acquired identities and motives play a significant role 
in determining the extent that behaviors are self-determined. Specifically, that the 
process of self-determination theory (SDT) there is a spectrum from controlled to 
autonomous motivation, beginning with external regulation, then introjected, identified, 
integrated and intrinsic. External motivation is the most controlled form and occurs 
when one acts by an externally-controlled reward or punishment (DECI & RYAN, 
2002, RYAN & DECI, 2003). Introjected regulation is when the action has been 
partially internalized and is energized by factors such as an approval motive, avoidance 
of shame, contingent self-esteem, and ego-involvements (DECI & RYAN, 2008). Even 
though intrinsic motivation is the only completely autonomous form, identified and 
integrated forms of regulations also reflect autonomous motives because they are 
internalized by the individual. Identified regulation is when the individuals’ experience 
is personally important and worthwhile, carrying a sense of personal commitment and 
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engagement and integrated regulation occurs when an individual internalizes his or her 
actions, being congruent with the individual’s other life goals, objectives, and needs. 
Finally, intrinsic motivation is when an individual has satisfaction, passion, pleasure 
and interest in his actions (DECI & RYAN, 2002; DECI & RYAN, 2008; STONE et al., 
2009). 
The influence of self-determination in sports motivation has been well 
documented (Teixeira et al., 2012). Some researchers reference the relationship between 
SDT, sport and exercise commitment (GARCIA-MAS et al., 2010; JÕESAAR & HEIN, 
2011; FERRAND et al., 2012; GUCCIARDI & JACKSON, 2015). It is common to find 
studies related to SDT and burnout in elite sports (CRESSWELL & EKLUND, 2005; 
HODGE et al., 2008; LONSDALE et al., 2009; LONSDALE & HODGE, 2011). Thus 
social relationships can be a big part of making an experience fun and pleasant, which 
may impact intrinsic motivation. 
 
The current study 
The position of individuals in the network structure of their sport and exercise 
organization may be capable of influencing their related social cognitions and 
behaviors. We conducted the current study within context of a large sport and exercise 
club that was comprised of practitioners engaging in Brazilian Jiu-Jitsu (BJJ) at 
competitive and recreational levels. The specific purpose of the study was to examine 
whether centrality within the peer interaction network predicted social identification and 
autonomous motivation, along with adherence within the club. Although centrality was 
measured concomitantly with social identification and autonomy, we applied a 
prospective design to examine how social network centrality predicted adherence at a 
seven-month follow up. 
We focused on centrality within interaction networks as a way of representing 
the embeddedness an individual within the structure of their club (ROBINS, 2015). This 
embeddedness may position individuals to experience benefits that may motivate 
individuals to retain membership in a sport or exercise organization, such as acceptance, 
access to ‘resources’, or power to influence others. We also applied insights from social 
identity theory and self-determination theory when forming expectations about how 
being central within one’s organization may enhance identification with a group and 
autonomy for related behaviors. As such, we expected that individuals who received a 
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larger number of nominations from others in the club (and especially nominations from 
other members who were also central to the network) would report stronger social 
identification as well as more autonomous forms of motivation. Although we expected 
that identification and autonomous motivation may in part explain the link between 
centrality and behavior, we were cautious to directly test this expectation, given the 
novelty of examining centrality within this context and because of the temporal 
positioning of constructs. As such, although one goal of the current study was 
descriptive in nature (i.e., evaluating the potential to leverage social networks in 
predicting behavior) we also considered ties to two relevant theories. 
 
Method 
Context and participants 
The current study took place in a club comprised of approximately 260 active 
BJJ practitioners. BJJ is a young combat sport with growing number of participants who 
seek many different motives in its practice, from health and the desire to be involved in 
a physical activity to the pursuit of being a professional athlete. The social aspect of 
these club settings feature unique characteristics, as they are comprised of large 
numbers of practitioners who interact with others in and out of their smaller training 
groups, and where the combat-focused nature demands connections with others to 
develop. Status contrasts are also embedded in the activity itself, as proficiency is 
represented by six belt colors ranging from white (i.e., most novice) to black (i.e., most 
experienced). BJJ is a particularly popular form of sport and recreation within its ‘home 
country’ of Brazil, where surveys have identified more than 350,000 regular 
practitioners, across 1500 training centers and clubs (GUIMARÃES, 2006). The club 
studied in the current study was located in a metropolitan area in the south of Brazil, 
and integrated members who train and compete for major international events alongside 
recreational and novice BJJ practitioners. At the time of the study, 31 formal classes 
were led within the club every week among 260 BJJ practitioners. 
Considering the value of attaining a representation of social structures that most 
accurately portrays the entire group, we sought all BJJ participants within the club along 
with related coaches and staff. The study sample included 185 participants who 
responded to our survey, which represents 71% of entire club context. To assess 
representativeness of respondents, we confirmed that all club members training in more 
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than three classes per week participated. Furthermore, out of the 75 individuals 
identified as missing, 57% received only one nomination from other members, 36% 
received from two to five nominations, and 7% received from five to nine nominations. 
Although the club was affiliated with a separate general fitness facility with 200 
members (e.g., group fitness, cardio machines, free weights), we focused exclusively on 
BJJ practitioners. While our sampling approach included four coaches and staff 
members of the facility to best represent the network, subsequent analyses used only 
those who were participating as members within the club (n = 181). 
Participants ranged from 16 to 62 years of age (Mage = 31.91, SD = 7.05, 95% 
male), and represented all levels of ability, ranging from white belt (19%), through blue 
(27%), purple (22%), brown (10%), and black belts (23%). Participants reported 
attending 4.38 (SD = 2.47) training sessions per week, 40.9% reported participating in 
BJJ competitions outside of the immediate club context. Participants reported an 
average of 7.18 years of involvement in BJJ (SD = 5.72) – ranging from only a few 
months to 42 years. Most participants (68%) reported attaining a college/university 
degree or higher educational credentials. 
 
Procedures 
The ethical research committee of the University of Campinas-UNICAMP 
approved this research by the number CAAE: 56579416.2.0000.5404 and the guidelines 
in Resolution CEP # 466/12 of the National Health Council for research on human 
subjects in Brazil was respected (annex 1). 
Given the need to sample as many highly-engaged members as possible, a 
meeting was arranged with the club manager and the coaches to explain the objectives 
and procedures of the study and a formal agreement letter was signed by the club 
manager. The primary investigator recruited participants to complete surveys in a 
common entryway to the facility before and after all training sessions on several 
occasions during February and March of 2016. Coaches and staff members also 
informed members about the study and directed them toward the researcher. In addition 
to recruiting participants as they entered or left the facility, we used a snowball 
sampling approach by encouraging participants and coaches to encourage other 
members to contact the research team. A roster of participants was provided by the 
facility so the study team was able to record the degree that facility members had been 
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reached and as a means of identifying or interpreting names listed by participants. This 
provided an opportunity to identify and recruit any remaining members who were 
highly nominated (i.e., > 10 nominations) who were particularly vital aspects of the 
group structure. Participants who were invited to participate did so voluntarily and 
signed an informed consent document with all the information of the study, and were 
encouraged to ask all questions before consenting. 
The survey was completed in two sections. First, participants completed a pen 
and paper social network name generator survey. Subsequently, they completed an 
online survey using a tablet provided by the investigator to provide responses on 
remaining items (i.e., demographics, social identity, autonomy). The entire 
measurement tool is provided in annex 2. For follow-up behavior data on involvement, 
facility attendance was obtained by the primary investigator seven months after the first 
data collection. It should also be noted that a pilot study was conducted with 24 
members of a neighboring BJJ club, with a focus on ability to complete the name 
generator survey and one questionnaire that was translated from English for this study. 
 
Measures 
Social network survey. To produce the interaction network, participants 
responded to the question: ‘Please list below the names of BJJ practitioners with whom 
you interact during your training sessions in this club’. Participants were encouraged to 
nominate as many other members as they could recall recently interacting with in list 
form, using blank spaces provided on a sheet of paper. This represents a name generator 
survey (MARSDEN, 2003; MARIN, 2004; MARIN & HAMPTON, 2007) whereby 
participants freely report names of club members that they recall. Although providing 
participants with complete rosters is encouraged, open-name generators (i.e., free recall 
of names) are recommended in cases like the current study where roster size is large and 
when privacy concerns preclude their use (MARIN, 2004). 
Demographic items. Participants completed items assessing general 
demographic characteristics (e.g., gender, age, level of education) along with items 
regarding their BJJ involvement (e.g., belt color, competition involvement outside of the 
training facility, length of time training in BJJ, sessions they attended per week). 
Social identity. The strength of identification with the BJJ club was measured 
using the Social Identity Questionnaire for Sport (BRUNER et al., 2014b; BRUNER & 
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BENSON, 2018), which was originally adapted from Cameron’s (2004) survey. The 
sport-based questionnaire composed of 12 items using Likert-type responses ranging 
from 1 (Strongly disagree) to 7 (Strongly agree). To consider how strongly individuals 
identify with groups, Cameron (2004) presented a three-factor model that encompasses: 
(1) cognitive centrality (CC), or the extent that the identity is a central aspect of one’s 
self-view; (2) ingroup affect (IGA), or one’s emotional evaluation of the membership; 
and (3) ingroup ties (IGT), which are the perceptions of similarity, bond and 
belongingness with other members. Three subscales of this survey include four items 
assessing IGT (e.g., ‘I feel strong ties to other members of this team’), four items for 
IGA (e.g., ‘Generally, I feel good when I think about myself as a team member’) and 
four items for CC (e.g., ‘I often think about the fact that I am a team member’). 
Researchers have identified preliminary indications of internal consistency and validity 
for these instruments with English speaking respondents (BRUNER & BENSON, 
2018). The current study only included eight items reflecting IGT and IGA and 
excluded the subscale of CC. This decision was made because the internal consistency 
of the cognitive centrality items has been variable in past research (CAMERON, 2004; 
OBST & WHITE, 2005; BRUNER et al., 2014b; BRUNER et al., 2016) and because 
the core constructs of interest for this research were individuals’ perceptions of 
connections to others and the affect derived from those connections. 
The original English version was translated to Portuguese by the research team 
for this study. Researchers translated the instrument independently into Portuguese, and 
then revised this version based on feedback from a researcher with proficiency in both 
English and Portuguese – focusing on readability and application to the target audience 
(NASCIMENTO JUNIOR et al., 2014). 
Behavioral regulation. The Portuguese-language version of the Sport 
Motivation Scale-II (SMS-II; NASCIMENTO JUNIOR et al., 2014) also using Likert-
type response ranging from 1 (Strongly disagree) to 7 (Strongly agree). Participants 
reported their self-determination across six subscales, each comprised of three items 
beginning with the stem ‘Please think about why you practice BJJ and answer the 
questions below. Using the following scale (1-7), indicate to what extent the items 
correspond to the reasons why you are currently practicing BJJ’. Subscales included: (a) 
Intrinsic motivation (e.g., ‘Because it gives me pleasure to learn more about BJJ’). 
Integrated motivation (e.g., ‘Because participating in BJJ is an integral part of my 
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life’). Identified motivation (e.g., ‘Because I have chosen BJJ as a way to develop 
myself’). Introjected motivation (e.g., ‘Because I would feel bad about myself if I did not 
take the time to practice BJJ’). External motivation (e.g., ‘Because people I care about 
would be upset with me if I didn’t practice BJJ’) and Amotivation (e.g., ‘I used to have 
good reasons for doing BJJ, but now I am asking myself if I should continue’). As is 
evident in the wording above, items were revised to be specific to BJJ, which is 
supported when studying participants from specific populations (PELLETIER et al., 
2013). Nascimento Junior and colleagues (2014) provided evidence regarding language 
clarity, practical relevance, and content validity of the translated version of the SMS-II 
across a range of sport settings. Furthermore, the current subscales were aggregated into 
an overall ‘Relative autonomy index’ (RAI), including unique weightings for each 
subscale (i.e., intrinsic +3; Integrated +2; Identified +1; Introjected -1; External -2; 
Amotivation; WILSON, et. al., 2012). 
Involvement. To indicate study participants who retained involvement at a later point in 
time, the facility provided the roster of individuals who had retained their membership 
over the preceding seven months along with information regarding whether members 
had participated in a class during the preceding month. Participants were assigned a 
binary value regarding whether they had retained their involvement over seven months 
and had attended a session in the preceding month (1) or had not (0). 
 
Analysis. 
Constructing the social network. We formed an adjacency matrix (also known 
as a sociomatrix) using interaction nominations provided by participants to construct a 
network that would be used, in turn, to derive centrality indices for each individual. In 
this kind of matrix, the list of respondents is included along the horizontal and vertical 
axes so that each row or column represents a single participant. As this was a binary 
network where participants only indicated presence or absence of interaction, zero 
represented absence of ties and one represented presence of a tie (ROBINS, 2015). 
Although interactions for any given participant could be derived from both outgoing ties 
(i.e., nominations of others) and ingoing ties (i.e., nominations from others), analyses 
focused on ingoing ties. 
Social network analysis was conducted with UCINET6 (BORGATTI et al., 
2002) to calculate centrality of each member along with descriptive of the network as a 
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whole. In contrast with indegree centrality (i.e., sheer number of nominations from 
others), bonacich centrality was selected as a modified indicator that is derived from the 
overall number of times an individual was nominated, but where each nomination is 
weighted by the relative importance of each member (i.e., higher weights assigned to 
ties from popular participants; BONACICH, 1987). Although this weighting of 
centrality provides a valuable indication of one’s position within the group structure, 
such centrality values tend to be positively skewed. Responses were thus transformed 
using the square root transformation approach, which is supported in existing social 
network research (OSGOOD et al., 2013). 
Preliminary analyses. Initial analyses were conducted to evaluate whether the 
data met assumptions required to conduct our primary analyses and we conducted a 
Shapiro-Wilk test to verify the normality of all the data set. Regarding data 
management, it is important to note that belt status was coded into either low status 
belts (i.e., white, blue; n = 83) or high status belts (i.e., purple, brown, black; n = 98). 
Those involved at follow-up were coded with a 1 (n = 33, 18%), and those not involved 
were coded as zero. A confirmatory factor analysis was conducted using items from the 
Social Identity Questionnaire for Sport, as this was the first case it has been used within 
the Portuguese language and with a large sport and exercise club (as opposed to a small 
group). Finally, bivariate correlations were used to indicate relationships among key 
variables. 
Regressions. Initial regressions were used to predict IGT and IGA. Linear 
regressions were comprised of two steps – with the initial step using control variables 
found to have significant correlation with social identity, followed by a subsequent step 
with the predictor ‘bonacich centrality’. We conducted a logistic regression to predict 
follow-up involvement. Again, control variables were entered in the first step of the 
regression, followed by key predictors (i.e., two forms of social identity and the 
behavior regulation value RAI) and in the second step we included bonacich centrality. 




Although the focus of the current study focused on the individual level, it is 
nevertheless important to describe the features of the network that centrality measures 
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were derived from (See Figure 1 for network visualization). Density of the whole club 
network was 0.08%, and provides one of the broadest indicators of the network’s 
interconnectedness using the number of ties in the network proportional to the total 
number of possible ties (ROBINS, 2015). This means that there were 34225 potential 
ties among all 185 participants in the sample, contrasted against 2859 ties reported by 
participants. Because density of a network is inversely related to its size (i.e., bigger 
networks are characterized by lower density) and because density is closely tied to how 
a network is measured, there is limited ability to relate this density score to groups in 
other contexts. Nevertheless, this value is important to consider when contrasting what 
centrality means within a group. Related to this density, the average number of 
nominations that members received was 15.53 (SD = 8.47). Furthermore, box-plot 
analyses (provided within online supplemental materials) revealed that the current 
structure could be characterized as being a core-periphery structure (ROBINS, 2015). 
Specifically, the sample included a ‘dense core’ of individuals who were highly 
nominate from others and who nominated one another to a high degree (i.e., 42 
participants were nominated at least 20 times) in contrast to periphery who commonly 
nominated members of the core and were less interconnected amongst themselves. 
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Figure 1: Network participants’ interaction in Brazilian Jiu-Jitsu 
 1 
 
The circles represent the participants and the trangles the two coaches. The lines represent the connection between participants and the arrows the 
direction of these connections. 
Source: this study. 
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Preliminary analyses and descriptive statistics. Initial preliminary analyses 
indicated that the current data met assumptions related to regression analyses. To 
confirm the factor structure of the Social Identity Questionnaire for Sport within the 
Portuguese language, we tested a confirmatory factor model that included a two-factor 
structure where the two latent dimensions were allowed to correlate. The model fit well 
(χ2 (27) = 46.95, CFI = 0.97,  TLI = 0.96, RMSEA = 0.06, 90% CI [0.03, 0.09], 
SRMR = 0.05) and the interfactor correlations between the subscales was positive and 
moderate (r = .57). The standardized factor loadings for items on their respective factors 
were high and significant. This supports construct validity when items were used in this 
context. Acceptable internal consistency, including Cronbach´s alpha (α) results of 0.77 
(IGA) and 0.87 (IGT). Although relative autonomy was comprised of numerous 
subscales, internal consistency was also evident for most behavioral regulation 
subscales, including intrinsic motivation (.79) integrated regulation (.83), identified 
regulation (.84), introjected regulation (.53), external regulation (.76), and amotivation 
(.68). 
Bivariate correlations between key variables of this study and important 
demographic variables are displayed in Table 1. Involvement was correlated in a 
positive way to the participation of practitioners in competitions, centrality and 
integrated regulation, less correlated to ingroup affects and years of involvement and 
negatively correlated to amotivation. Centrality correlated positively with belt color, 
participation on competitions, years of involvement, ingroup ties, integrated, and 
introjected regulations, while not as significantly to ingroup affects and identified 
regulation. For IGT, we found positive correlations with belt color, competition 
participation, centrality, ingroup affects, intrinsic motivation, and integrated, introjected 
regulation, not as significantly for years of involvement and identified regulation and 
negatively for amotivation. 
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Table 1. Overall bivariate correlations and descriptive statistics (M, SD) of key study variables. 
Construct 1 2 3 4 5 6 7 8 
1. Indegree centrality - - - - - - - - 
2. IGT .41** - - - - - - - 
3. IGA .17† .47** - - - - - - 
4. RAI .19† .29** .39** - - - - - 
5. Involvement .28** .15† .25* .25* - - - - 
6. Belt .44** .21* .11 .143 .14 - - - 
7. Competition .43** .33** .28** .21* .25* .21* - - 















Note. All scale-scored variables measured on items ranging from 1-7, although the relative autonomy index (RAI) represents a composite of six 
dimensions that could possibly range from -36 to +36.  Involvement, belt, and competition were all represented using binary coding (i.e., 0/1). 
Indegree centrality was derived from beta centrality and transformed. 
IGT = Ingroup ties; IGA = Ingroup affect; RAI = Relative autonomy index.  
** Correlation is significant at the 0.001 level; * Correlation is significant at the 0.01 level; † Correlation is significant at .05 level (2-tailed). 
Sorce: This study 
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Predicting social identity and relative autonomy. To examine the extent that 
centrality within the peer network predicted strength of social identification and 
behavioral regulation, separate linear regressions were conducted. In both cases, initial 
steps of the regression controlled for belt status (i.e., high or low), competitive status, 
and years of involvement and the central predictor was bonacich centrality. The overall 
model predicting IGT was significant, R² = 0.20, F (4, 176) = 14.02, p< .001. In 
particular, the R2 change attributed to bonacich centrality was .07 (p < .001), whereby 
those who were more central reported stronger IGT. Coefficients for each predictor in 
relation to IGT are displayed in contrast, bonacich centrality was not a significant 
predictor regarding IGA (B = .14, p = .47), nor was it a significant predictor of relative 
autonomy (B = 1.83, p = .26) after accounting for control variables. 
 








 Belt .14 (.25) .523 -.43 .60 
Competition .47 (.18) .006** .11 .83 
Years involved -.01 (.02) .64 -.05 .03 
Centrality .96 (.21) .002** .55 1.34 
 Constant 4.14 (.18) .002 3.80 4.50 
Note. Unstandardized coefficients are reported. 
** Correlation is significant at the 0.001 level; * Correlation is significant at the 0.01 
level; † Correlation is significant at .05 level (2-tailed). 
Source: this research 
 
Predicting involvement. Recall that we expected that participants with greater 
centrality would be more likely to continue involvement in the organization. Descriptive 
analyses indicated that it was important to control for four variables that distinguished 
participants who continued involvement over time and with significant correlation: 
years of involvement, competitive status and belt level. Social identity (IGT and IGA) 
and behavior value of RAI was also included in the first step of this regression and 
bonacich centrality were included as predictors in a second step. The overall model was 
significant, χ2 (7, n = 181) = 31.75, p< .001, Nagelkerke R2 = 0.26 – with a change in the 
R2 from the preceding step of 0.13. The final model correctly classified 82% of the 
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results for involvement. Bonacich and RAI were significant predictors in the final 
model, whereby greater centrality and increased autonomy predicted increased 
likelihood of retaining membership at follow-up. Coefficients for the logistic regression 
predicting involvement (1 = involved at 7 months, 0 = not involved) is provided in 
Table 3. 
 
Table 3: Results of the logistic regression predicting involvement in BJJ 
   CI 
 B (SE) p-value Lower Upper 
Years involved .05 (.06) .41 .94 1.17 
Competition -1.05 (.58) .068 .11 1.08 
Belt .40 (.59) .498 .47 1.70 
IGT -.14 (.21) .497 .58 1.30 
IGA .01 (.27) .968 .60 1.70 
RAI .07 (.03) .028* 1.01 1.13 
Centrality 2.90 (1.14) .011* 1.95 168.92 
Constant -1.04 (1.87) .580  
Note. Unstandardized coefficients are reported. IGT = Ingroup ties; IGA = Ingroup 
affect; RAI = Relative autonomy index 
** Correlation is significant at the 0.001 level; * Correlation is significant at the 0.01 
level; † Correlation is significant at .05 level (2-tailed). 
Source: this research 
 
Discussion 
The complex social structures that are demonstrated in the interpersonal 
interaction patterns within sport and exercise clubs represent novel avenues to examine 
and promote social influence. In the present study, we aimed to understand the extent 
that the structure of peer interactions within a sport and exercise club influenced how 
individuals view sport and exercise groups and engage in those activities. Building from 
the network of self-reported peer interactions from most individuals in a BJJ club, 
members who received more nominations from others in the club (and especially from 
others who were popular) were more likely to continue their involvement at a follow-up 
point in time, and reported stronger social identities through the IGT subscale. These 
results demonstrate the value of promoting opportunities to interact and connect across 
members of sport and exercise groups. Although numerous studies identified the role of 
social influence and group dynamics in sport and exercise, this investigation presents a 
novel step toward applying network methods when predicting exercise and sport 
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behaviors within large group settings. To promote this application, it is essential to 
reflect on potential links to theory and practice, while also reflecting on opportunities to 
develop this line of inquiry in the future. 
 
Predicting involvement in BJJ. 
Perhaps the most notable findings from this study related to how centrality in the 
peer network predicted involvement at a follow-up point in time. Centrality was a 
unique predictor for social identity and for involvement, this means that to maintain 
practitioners involved in sports, their social ties should be highly considered. We 
confirm this finding with the result of positive correlation between involvement and 
social identity (IGA), RAI, centrality, years of involvement and competitive status. In 
accordance, affiliation, friendship matters and the desire to be part of a competitive 
team were found as important motivators for the practice and continuation in different 
martial arts (JONES et al., 2006; ZENG et al., 2013; PINHEIRO et al., 2015). 
In agreement with our findings, Stevens and colleagues (2017) understand that 
social identity can have implications for adherence in physical activity once the more 
practitioners identify with their group, the higher their motivation to discover and align 
themselves with the norms, values and ideals, understanding what it means to be 
member of that group. Many researches involve considering how social identification 
may influence behavior, well-being and connections with others, there are also unique 
implications of social identification within sport and physical activity that extend 
beyond adherence behavior (i.e., REES et al., 2015; STEVENS et al., 2017). In our 
study, we found that the participation in competitions was able to influence social 
identity and involvement. In our findings centrality was only associated with IGT, we 
think that this could be because IGT most directly relates to perceived connectedness, 
and that it could be a way of impacting other forms of social identification (i.e., IGA, 
CC). Therefore, although social identity did not predict involvement at follow-up in the 
current study, researchers nevertheless highlight the value of having strong social 
identities for their direct impact on health and well-being (STEVENS et al., 2017). 
Even though centrality did not predict self-determination, RAI was a significant 
predictor for involvement. Pleasure and fun were also pointed out in other researches as 
important motivators in practicing martial arts (KO et al., 2010; ZENG et al., 2013; 
PINHEIRO et al., 2015) as well as value development (KO et al., 2010). This is in 
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accordance with other studies where there are higher scores on intrinsic motivation and 
identified regulation with athletes who persist in sports compared with dropouts 
(JÕESAAR E HEIN, 2011), intrinsic and autonomous motivation were also able to 
predict the intent to be physically active in the future (ALMAGRO et al., 2010; 
KESHTIDAR & BEHZADNIA, 2017). Also, intrinsic and extrinsic motivation are 
considered as contributes that explain enjoyment and commitment, while amotivation 
has a negative association with these factors (GARCIA-MAS et al., 2010). Introjected 
regulation, identified regulation, intrinsic motivation were associated with exercise 
beliefs, this reflects the importance of exercise in individuals lives (VLACHOPOULOS 
et al., 2011). 
Notably, initial correlations demonstrated that those who were most central in 
the BJJ club tended to have been involved for a longer period of time, be at a higher belt 
status, and be involved in competitions outside of the club. This observation is 
important to understand the potential that these constructs could account-for relations 
with other variables. From a descriptive standpoint, however, this observation also 
carries potential theoretical and applied implications. For example, this may highlight 
the value in finding ways for newcomers to groups to gain more connections with others 
despite ‘lacking’ these three attributes. For example, Veelen (2016) considers that the 
interactions with others and making friends has an important role for ingroup 
identification when starting a group membership, once they are likely uncertain of their 
new social identity, nevertheless, they should be motivated to seek interpersonal 
connections and interact to affirm their ingroup bond. Thus, at the latter stages, ingroup 
identification is not related to interpersonal attraction any more, but to ingroup 
favoritism. 
A further observation related to this sample in particular was that members of 
the current club were participants in an individual sport activity, even if the club was 
comprised of subgroups (i.e., classes). Although at times the dichotomy between team 
and individual sports has promoted an assumption that individual sport group members 
rarely need to integrate with others, recent research promotes the potential for 
interpersonal influence in individual sport and exercise settings. Specifically, Evans et 
al (2012) used social interdependence theory to highlight the degree of interpersonal 
influence in individual sports, focusing on the strands of interdependence that connect 
members of individual sport groups. In the present study, with our social network and 
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social identity results we can also understand the meaning of the connections between 
our participants, showing social influence in a context where some may not expect there 
to be any. In the current context, for example, being in a combat sport meant that 
members of the club shared training interdependence – requiring other members to 
improve. Each teammate has a role, the one with less ability leaves you free to test out 
your weaknesses while the one with higher skill lead you to greater efforts to try to 
achieve that proficiency, they can also help improvement with advice and by pushing 
you to your limit. The most interesting interaction is that the better your teammate gets, 
the more they push you to improve. This can be so for athlete or even for practitioners 
who are training for other goals, as health, leisure and others. Evans and colleagues 
(2012) also emphasize teammates presence for training and the identification of distinct 
leaders and roles considering these factors of individual sports based on task type, 
where athletes are not interdependent with others on competitive tasks. In sum, although 
we did not examine interdependence in the current study, sport and exercise 
organizations may seek to foster connections or to increase the relevance of those 
connections by introducing additional and varied types of interdependence into the 
group structure. 
Limitations. 
Even though great effort was made to include as much members of the network 
as possible, and that we made sure that no highly important figures were left out, we did 
miss 29% of the nominated practitioners from the BJJ club, and it is not possible to 
know what issues we might have missed that these individuals could bring up and what 
potential shortcomings were left out in our ability to represent the group. We 
investigated a whole club, but it was structured within classes and training groups that 
could represent unique types of influence that weren’t accounted for in this study. 
It is also important to consider measurement-related concerns (i.e., binary 
outcome variable and causation). We used a rather crude measure of continued 
involvement (i.e., binary yes/no). A more fine grained measure may have provided 
greater variability that may have increased the strength of the association. This is 
especially the case when considering the role of social identification – which may 
influence the overall involvement to a lower degree, but may influence the amount that 
we invest in the groups we belong. Perhaps social identity would have predicted amount 
of involvement or the nature of individuals’ experiences when they are involved, but not 
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simply whether or not they stuck around. Furthermore, the association between 
centrality and social cognitive variables cannot be inferred to be causative because they 
were measured at a similar point in time. Nevertheless, we note that the expectation that 
centrality should be entered as a predictor is supported by the nature of our 
measurement approach. Given that centrality was derived from the responses of other 
group members (i.e., nominations from others), it holds temporal and measurement-
related precedence. By deriving the centrality indicator from other respondents we also 
addressed ‘common method variance’, which is a common form of measurement bias 
that over-estimates correlations among variables. 
 
Applied implications 
In the broadest sense, it is important to consider how the role of centrality as a 
predictor underscores how the simple presence (or absence) of relationships within 
organizations may influence experiences with psychosocial and behavioral aspects 
when the objective is to keep practitioners involved in sports. This broad message 
supports the potential of social network approaches in sport and exercise contexts. Some 
information, which are able to characterize the purpose and aspirations when joining or 
continuing in an activity, could help to improve practitioner’s identification, 
belongingness and autonomy. 
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FINAL CONSIDERATIONS 
The present study brought insights to the understanding of psychosocial and 
motivational aspects related to involvement in a whole social network of a large BJJ 
club with novel considerations of social connections and interactions. Even though BJJ 
is an individual sport, it presented social influence between participants in a context 
where some may not expect there to be any. We believe this is so once in combat sports 
you need others to improve. Furthermore, for many club members, BJJ gyms may 
present one of their most important social groups. We discussed the connections within 
the social structure between core and periphery emphasizing the importance of 
centrality in social influences and involvement. Centrality was a unique variable that 
predicted involvement and social identity (IGT). When relating social identity to 
centrality we found that these relations seem to be stronger for beginners, this is also 
stated when observing the core and periphery interactions, where beginners tend to be 
more part of the periphery of the network and to mention members of the core much 
more than other members of the periphery. Another finding of this study was that 
autonomous motivation was also an important predictor of involvement, confirming 
other findings in the literature. 
 
APPLIED IMPLICATIONS 
Based on our findings we believe that psychosocial and autonomous motivation 
are important key aspects for keeping people involved in sports. To make this possible, 
we should privilege peoples bonding with other members and feeling of belongingness 
to the group, and look to improve autonomous motivation. This can possibly be 
achieved by stimulating moments of interaction with other members of the group, for 
example, stimulating an environment of friendship and involvement inside and outside 
of sport training sessions. It could be interesting for future studies to go deeper in this 
relationship between social identity, self-determination, social structure and 
involvement. We suggest that it could be a cycle, if one has more identification to the 
group this could improve his autonomous motivation, what would intensify his 
involvement in the activity, this should bring him closer to the core of the social 
structure, that should improve even more his motivation and identification to the group 
and so on. 
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ANNEX 2 – COMPLETE MEASUREMENT TOOLS 
SOCIAL NETWORK NAME GENERATOR SURVEY. 
: 
Please list below the names of BJJ practitioners with whom you interact while training. 
You can name as many names as you wish. 
01  17  
02  18  
03  19  
04  20  
05  21  
06  22  
07  23  
08  24  
09  25 
10  26  
11  27 
12 28 
13  29 
14 30 
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GOOGLE FORMS DEMOGRAPHIC, SMS-II AND SOCIAL IDENTITY 
SURVEY. 
Your identity will remain confidential, your name is only requested to match your 
answers in each stage of the surveys (social network and online surveys). 
(  ) I have signed the consent term and agree to participate in the research. 
(  ) I haven´t signed the consent term and I do not agree to participate in the survey 
What is your full name and nick name in the gym (if you have one)? * 
What is your date of birth? 
Please think about why you practice BJJ and answer the questions below. Using the 
following scale (1-7), indicating to what extent the items correspond to one of the 
reasons why you are currently practicing BJJ. Use: 
1: Does not fully correspond 
2-3: Corresponds slightly 
4: Corresponds moderately 
5-6: Corresponds a lot 
7: Fully corresponds 
Because I would feel bad if I did not find time to train BJJ. 
1 2 3 4 5 6 7 
I used to have good reasons to practice BJJ, but now I wonder if I should continue. 
1 2 3 4 5 6 7 
Because it's very interesting to know how I can improve. 
1 2 3 4 5 6 7 
Because practicing BJJ reflects the essence of who I am. 
1 2 3 4 5 6 7 
Because people I care about would be upset if I did not practice BJJ. 
1 2 3 4 5 6 7 
Because I have discovered that it is a good way to develop aspects of myself that I 
value. 
1 2 3 4 5 6 7 
Because I would not feel that I have the same value if I did not practice BJJ. 
1 2 3 4 5 6 7 
Because I think others would disapprove of me if I did not practice BJJ.  
1 2 3 4 5 6 7 
Because I find it enjoyable to discover new performance strategies. 
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1 2 3 4 5 6 7 
I do not know anymore, I have the impression that I am incapable of succeeding in the 
BJJ. 
1 2 3 4 5 6 7 
Because practicing BJJ is a fundamental part of my life. 
1 2 3 4 5 6 7 
Because I chose BJJ as a way to develop myself. 
1 2 3 4 5 6 7 
It is not clear to me, I really think my place is not in BJJ. 
1 2 3 4 5 6 7 
Because through BJJ, I am living in line with my deepest principles. 
1 2 3 4 5 6 7 
Because people around me reward me when practice BJJ. 
1 2 3 4 5 6 7 
Because I feel better about myself when I practice BJJ 
1 2 3 4 5 6 7 
Because it gives me pleasure to learn more about BJJ. 
1 2 3 4 5 6 7 
Because it is one of the best ways I have chosen to develop other aspects of myself. 
1 2 3 4 5 6 7 
The questions below relate to your feeling about the people on your team who train with 
you. Enter a number from 1 to 7 stating how much you agree with each statement 
(consider number 1 as strongly disagreeing and 7 as strongly agree) 
I have a lot in common with other members of my team. 
1 2 3 4 5 6 7 
I feel strong bonds with other members of this team  
1 2 3 4 5 6 7 
I find it easy to form bonds with the other members of this team. 
1 2 3 4 5 6 7 
I feel "connected" with the other members of this team. 
1 2 3 4 5 6 7 
Overall, I'm happy to be a member of this team. 
1 2 3 4 5 6 7 
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I hardly feel sorry for being part of this team. 
1 2 3 4 5 6 7 
I feel good about being a member of this team. 
1 2 3 4 5 6 7 
In general, I feel good when I think of myself as a member of this team. 
1 2 3 4 5 6 7 
For the next few questions consider your characteristics. 
On a scale of 1 to 7, what is your BJJ skill compared to other practitioners on your team 
who train with you? Being 1 lower skill and 7 higher skill. 
1 2 3 4 5 6 7 
What is your BJJ graduation?  
(  ) White 
(  ) Blue 
(  ) Purple 
(  ) Brown 
(  ) Black 
What is your gender? 
(  ) Female 
(  ) Male 
Do you participate in championships? 
(  ) Yes 
(  ) No 
What classes and hours do you train? 
How long have you practiced BJJ (years) 
How many BJJ sessions do you usually attend per week * 
Do you plan to increase, maintain, or decrease the number of BJJ sessions per week? * 
(  ) Increase 
(  ) Keep the same 
(   ) Decrease 
Do you have any family member who practices BJJ. 
(  ) No 
(  ) Dad 
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(  ) Mother 
(  ) Brother 
(  ) Spouse 
(  ) Cousin 
(  ) Siblings 
(  ) Others 
Schooling: 
(  ) Elementary School 
(  ) High school 
(  ) Incomplete higher education 
(  ) Complete higher education 
(  ) Postgraduate 
Thank you for your cooperation. 
SUBMIT 
 
